The nucleotide sequence of Bacillus phage Nf gene E has been determined. Gene E codes for phage terminal protein which is the primer necessary for the initiation of DNA replication. The deduced amino acid sequence of Nf terminal protein is approximately 66* homologous with the terminal proteins of Bacillus phages PZA and 029, and shows similar hydropathy and secondary structure predictions. A serine which has been identified as the residue which covalently links the protein to the 5' end of the genome in 029, is conserved in all three phages. The hydropathic and secondary structural environment of this serine is similar in these phage terminal proteins and also similar to the linking serine of adenovirus terminal protein.
INTRODUCTION
Bacteriophage Nf belongs to a collection of small lytic phages which infect Bacillus. Closely related phages include 029, PZA, 015, GA-1 and M2 (which differs from Nf by a small internal deletion). All these phages contain small, linear duplex DNA genomes of approximately 18-20 kilobase pairs with viral encoded terminal proteins covalently linked to the 5' termini of both DNA strands (1, 2) . One of the distinguishing features of these phages is that the terminal protein is used as a primer for the initiation of DNA replication.
All known DNA polymerases require a primer which supplies a 3'-hydroxyl group in order to initiate DNA synthesis (3) . Usually the primer is a small UNA molecule which is later removed and the resulting gap repaired by DNA polymerase. This type of initiation creates a problem in the replication of linear DNA molecules. Removal of the RNA primer from the 5' end of the genome results in an irreparable gap since all the known DNA polymerases synthesize only in a 5' to 3' direction (3) . To circumvent this problem, a model was first proposed in adenovirus (which has a similar terminal protein) where the terminal protein primes the polymerization by providing an hydroxyl group, namely the hydroxyl side group of an internal amino acid (4, 5) . In the case of adenovirus and 029, the beta-hydroxyl group of a serine residue serves this function (6, 7) . The initiation reaction results in the formation of a phosphodiester bond linkage between this internal residue and the first nucleotide of the newly synthesized DNA strand. In vivo and in vitro studies of 029 and M2 have shown that the initiation reaction requires; DNA-terminal protein template, viral DNA polymerase, Mg**, dATP, and free terminal protein (8, 9, 10) . Elongation of the DNA strand from this terminal protein-nucleotide initiation complex proceeds by parental strand displacement (11, 12) .
Although protein-primed DNA replication was initially described in adenovirus and 029, other examples of linear DNA molecules with terminal proteins have been found in phage PRD1, which infects gram-negative bacteria (13) , certain Streptococcus pneumoniae phages (14, 15) , Streptomyces plasmid pSLA2 (16) , and Maize mitochondrial DNA SI and S2 (17) . These and other systems have identified at least 2 other amino acids (threonine and tyrosine) which can also form covalent linkage during the initiation of DNA replication.
In order to more fully understand the mechanism of protein-primed DNA synthesis, it is necessary to learn more about the terminal proteins themselves. Thus far the terminal protein genes of 029 (18, 19) , PZA (20) 
MATERIALS AND METHODS

DNA Preparation
Bacteriophage Nf was grown in Bacillus amyloliquefaciens H strain and purified phage particles were isolated by cesium chloride centrifugation (22) .
Deproteinized DNA was prepared as described (23 (26) . Hydrophobicity data was determined by a program based on the method of Kyte and Doolittle (27) in which the hydrophobic indices are averaged over a span of seven residues. Both analyses were done using microcomputer programs of Mount and Conrad (28) .
RESULTS
Sequence Comparisons
Nucleotide sequence determination of Nf terminal protein coding region reveals an open reading frame of 801 nucleotides which initiates with GTG ( position 232 which lies in the center of a conserved sequence 5 amino acid residues in length (Fig. 2) .
Hydropathy
Hydropathic profiles of Nf, PZA, and 029 terminal proteins show very similar regions of hydrophobicity and hydrophilicity (Fig. 3 ). As noted earlier by Hermoso and Salas, serine 232 lies in a hydrophilic region of 029
terminal protein (31) . This is also the case for serine 232 of Nf and PZA terminal proteins. Interestingly, the linking serine of adenovirus terminal protein is also found in a hydrophilic region (31, 21) . Perhaps the most intriguing feature of the terminal proteins is the linking site because of its direct involvement in UNA replication. The linking sites of 029 and adenovirus terminal proteins share certain structural characteristics although no apparent sequence homology exists. In both cases the linking residue is a serine located near the carboxy terminus in a betaturn region preceded by an alpha-helix. Hydropathy profiles of this area show it to be hydrophilic and therefore probably near the protein's surface (27) .
The linking residues of Nf and PZA terminal proteins have yet to be identi- 
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